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VERTICAL. DIRECTIONALITY OF NOISF AND SIGNAL
TRANS'MISSIONS DIURING OPERATION CHURCH ANCHOR

Victor C. Anderson

University of California, San Diego
Marine Physical Laboratory of the
Scripps Institution of Oceanography

San Diego, California 92132

ABST7RACT71

A v.ertical array of 210 vibration isolated hydrophones wa. usene
4. ~~from the Research Platform 1:L-11 at various, depths from 711m to 48m1tm.

Preformed sets of beams were formed sith a dhigital beamformer to observe
the vertical noise dist ribut ion at 3 to 41 frequencies- between 20) and 111o
H-. Directional spe~ctra derived fromn 10 minutes samples of digital1

4-, records are presented. Several contour plots of amplitude distributions
are al~so shown for botn Signal and noise records.

I NTRO)UCTI' ION

During the first part of operation CIIIRUII lPurine, ¶1w propa1gationi rtans data were 41%o
ANCHOR, 20 hydrophones were configured in a en? leurtetl *!th this system. lin this Case,
Lnidformly spaced vertical Ilinear array And rt-vorHvigs were tuade during transmission jI i.
lowered to various depths fromf FLIP. Patrt of OilS but the 4eplth of the array w4s controlivil
thle on board proitsrlng equnipment for this by thev rvqulrvet~s6-t of the proipagtionl runs*
array conlsisted of the tKAPIT beamforse~r - A rather than by the Vertival direettona-lity
progranunarl , narrow-hmid, mulIt ibeo Am N-bi ei~perlmvtsor. '11N propagation array data
dgiptal beamforrvr whic!h allowed obevains aalyz-ed to date only iftaicato the gC5sA
to hr made, for n full setf of unkiformly spaced diretIoAl Structure. howevovr, the frcsluvacy
Vertical beams at four frequeonc ies of se~were cosent SO that One nearby. frequefic
interest. Thr procesnor acted W' 14 tg, 4ordrdf at the s~ame titea sga
ntrrow-bind filIter at 0ea1h of the'r freq-uency 'uo that 'is OA-ifticatio" of the
frequejnc iev, Pitts, the obsratn should hev bacrrumni~r teer' hratigh the, rano h
conIsidered to be c-Qtlntes of the poelr array voold ke obtAind.
specntru level of the directional1 s -,t, iS oft Thedtast of Oth fis eort are& grouped by
tht flackground nolie Inv theo 0eIAuuý espvriment. for each niperibntt whe isAti art,

During the Periods of time 4eigaed ( pVre-enteiI by WAY of craphA vwhih rtpmr'tat the
"nI AYsO'~ observationqa wure u~dv at vorticali noise distribultion at the fekir

sequeln t il depth4 for a 'vet of jis (rrequpnei insvoked. The traits% Art of vuo
predeterftiard depthsA. At rachi deplth un ohzser- ty'ý.. t; oe is A ptot Of ruen poser vmliii's

u hich time contieniius% revordings Of 1the utiute Sanlesk' o the bead olitrit seatu~tt. the
complete -4et of Iseaufl w4wade. The ont-line other, a vontouor plot Which oi derirted trIt
monitor durlug reýordling wFa7 a Wto;' Pitecrilet the 14azc 4,4ti but represenAts the Can"4t4ut of
an inten#Aity typv rocorder geawrating four the, histogrm ofth #(nOn*Wr Ouwplt
paralle'l it. oain plo-. 41;r plot for rach samples.. A kOn,4iderable t?-ookint Of tWTq

Of the fOuir freqUVniesjV. The detected tWan X oA 'ii hAM beet 1pplkVe1 to the Jaim fOr
Omivptlht which represent thr initesioty on these thi't 1%1".pos of 0woothisif ther hisktograwl and
plots moreo (P-raatte in a 'trial 'ran Which rotating !k ~ of trhe Awssalie54 the o
Vit regrd-red Ont digital tape for later 6pitwt'ukwere disce~trned in tho datA
Pt~ievRihe.aali.
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An extensive effort was speilt in looking at
the process of deconvolution of the beamformer
.outputs with the goal of improving the esti-
mate of the directional noise field. 1hi

wrhas been reported in the litertr. h
results of this effort show that the
deconvolut ion process for this particular uni-
formly spaced linear array is o. marginal
benefit. Because the process is vecry
sensitive to the fine structare of the
theoretical beam pattern, it was felt that 4
there may be enough uncertaint4os in the tin- L
earity of the array or in the linearity of the r
wavefront arrivals that thc application of the

d"convolut ion algorithm might actually degrade 1
the estimate of the directional distribution.
Therefore, only the unmodified beam output
power of the array has beeci presented here.
There are two artifacts of the instrumentation
which "ccur and are particularly prominent in 4
the case of the background noise recordings.

First, there is a significant amount of
what is interpreted as coammn mode noise which
shows up as an output an the perpendicularA
beam whic~h is the horizontal (90 @1 beam. The ___

question of whether or not this common mode V "
noise could be subtracted out of the §Z!I
directional patterns in A valid way was con-
sadered c:arefully; there was insufficient
consisteacy from record to record in the level,
of thisi cVOuwn t woenise to justify Wky
subtraction so to Attempt has keen made to Fig.. 1. kbitnry hydrophonr . -io tý'Vmbly.
take it Vut of the data presented, here.

40 4$ n~ow the response in the pass band. ii-rtit ion in Ntw4 r-.ttor- -1ll iv dhWrvttd.I

Thu nois poser uniforoly distributv'd over a A char.4ctenrtstt sej ot v-ittcrto arcý ct'. it,
W0 11. band will give rise to at filte- output Figs. A through o. Thr puttcrrtO .*rv Prosiente'd

Power which ii only a few 48 below the t-nband here 41% 4 oct of UtiS ý4aolr- ,orrospon4-
noise. povor. This effect placesp a f loor an intg ts ('W bets .tt~ -At lot! ixf4 '00 R1¾
the Omnti" noiser bands which CA* be seO.sae the Vu - -#t4~e~tair~ n the peWt-Vtle
for thip backgrownd noise r N-ords but d4es Wi. sid ~t- '0 4cý Off*ia-ik'4 tA
seiouswly affect the. sipai transaissieln ru, corntsajrate s4S!iit prra%4 an
where thV 4ajor 0nerr was coacmtratu is r- lob- *widths. V-aw Mii: ttOa oe
fow frvwocaes . having Aapwin-iar reso*Nfsot n: hidh '1i tho main

lh.SrtwetM~~~~flo8 ~of t-oe a41r~raywl ~ b dwti h

Sets~ ~ ~ ~~V iqht rtngh'~-V thf be

The Array wicha was used consilsted of of berl
theý hydrq4honcs using, tho dtkkoy susp00sion thet N'anopfn'r 46* Pýý ranv4U1- to g-tvatr
c~se d"14ig o tinam Fto i. I. the elemenlts are tout4 set ts i*. for fv"A tel1ct4t P ILe

cev'Ii-tnc tlastic tusPMt~OoO Witchina the atango La 0-1Wt sith 4 1-11L ""#1-W-f4WbA4

Are saplified An" gOW14#J thrfto! An Ml tttreis heat wr fwsittte4 vretict: ,4

teoleetri WAo over Vie singl inAaM ttble 4Wd ti-cically domm± il't"I V. *' týF o~tirwfltt

Oc#altip~t4 3 a towda dmJeth e 44ignals fr benot t ctiweý tIt rltipoiytg- tht- AN'.sttle
prcsin y *0 t*Auformec. Athe hit* speedA axtJi hse4Am 40ta 6V4s
ihrstritia it hv bosfarmer Ar# 4naiiti.r4 P~iw, an#4 :Frz; 49*w ~ s cwtigna at

ofi the Arr-Ay arc uweMetyw ooJ to for* A .4 i piit U& Uviclitepf t the '-4een
wlitiofly spaced 4Trma with an Ovrerll l010th -4nt eýtfat i4 hLOOItiLy to 4 04tkit'o i tbhkc ran i rItk'1

tof *, 342 ter' asnt, go effecti%*e length of 40 loct. Ti finlite limit- 114v421o 1 trigt

US*4 juri"4ai the I ,g~t meaaUrc*Wt Periods%. ia-kv4filt lr ot th'Pr Iw~tw
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TabIle 1. 11camforiner Specific,-tijons

[iI~C'IICAI CI*..~~flRISIlCSPHASE I ARRAY POSITIONS RELATIVE TO THE VELOCITY PROFILE

Inputs Sound velocity. Iv/sec ARRAY

a. Nmber of' channels: 1 to 48 (2ei. , ----- 48--0 52 54 OS1ON
liI)3i)S

hb impedance, sinugle enlded: I rnegohm, V44
C. Impedance, transformner: 00u ohmrs. n 1064M
d , Maximum voltage: 3 volts (rms ) .
C. F reqluency ha nd: 11) to 25o liz, 5o)1

liz, 1000 Itz. 2000

g. Gain: 0) to + 75 dit i n S-dil 234

i tic romlents .

Outputs bam cas 5M

Z1. Detec ted eI cls36m
1) I~ r tjuadratu~re elemeTt SuIMS 1 4000-

to 12), 4-insec heamis, 12- bit -41380M

words, 111. compatible (4 ea. , -4730P

Ma-ISpS anc . cai ) (lo so
2) One, full-e lenent suLm ( I t o ____________

.1),4-insec beams , ana log,
displayed on timeo- bearing
recordeLr) .

lnd. Lc% ba utus Fig. 2. Array pos it ions *edhalCltlt.1 mlt ive to the
()ticn, LIti -element slim (I to velocity profile.
IS) I 12) 4- c sailiples!

hel, 2 ht-ors, Il Te ileamfornier records were anal yzed in
co-mpit i ll Ic (1 c. , DIAI 5S IalIso 10-minute hilock's Only thle first 10-mi note
int ernallyI fo rita t t ed fo r sample of each tp hs b'en included in this
iii t ili vr tenhI(ai report. For each 11)-mi nite per iod . 3001

011ilto iulaii.iiet ic t apei). h -. econd samples werc combiiined to provid e tile
Is I)fo Hiaverage valuies. 'The distributions wh ichi were

llr.i aci g yt o e run onl these samples are 4iistograms io r the
dV t oerm tied, 'W)11- sanlip Irt sets.* A silimliary of the dat a sects

In C~Od i-111t;0k clocVs, -1 sg ell 1 hIal) I C I I. Summaiia es of tile ga in1
ý:om.pat Ole s..ii f* actors for the data sets are giv_,n inTal

F~hS i: . C~Uit:o 1i[it. A Ihi gh dens it) of' shiip t raftfic occurred
I'lly It'ki. ORM' i Ili IS I k'sdoi uig thle "njoisV da~ys " F i goresV~ ) aIlld 11)

4. 1Input 'mý,r: 115 vic 60 It-)lz 40 show tile vt fle re lat ionsh ip of' the depth
W1110 rv s stat ion. shipl traffic mind data tapes.

pltl. 1ii i .lI)AIA VI'0i SING;

I- 1-I'avk "4 *

~'1a whe. i*, Ilfore provvoediniu to thv direc~tion1141plouts~
* 6.sI i..I.,,.I Iuial 4 .1 Ikord o 1 V e p 1.1lia t loft of' tilt da~ta :) ince.s ing

I-rckl'y*~ti pisinh~1% tIn o ier * it tor I v1 fi ma t, rf ti - hltrimnJ
1tvamfolrmet dia &' I 1 9-111 t ibt I t Ifg po) int

S ~~itirnak-r rel t rescit tug thle 114 iraw t.ii lit-lgy tit

5-oit ItVxo~li f s t tour .Inft .4 1 - bIt
24t1 Yf I k 5 sj,I the dy ii,miv Ic iti)o m .ipprimomii~tvl 1y

VV~sN. U I~'f1~* Il"'~0 Vi 01)1 th t ~ reord. h' i ,- IVe A110 tpit V.1 apetecorIsi.
x scJi V 0"'0fJ,%-s p4 )s tuitu-, n the Iti Oetp e.i Oi411'>s~iiu ,11

I t g 4 1 1 ' te n V r i . . 110 6i Vi e~~ s n 0 1 4 4 . h V 4 kI t o Io t O r Ip " fi t- r i v~ it
t t n o 1 '!' . #A liit4_145 71, th1 ~tvt,. wwrlb rk.

-V b' tiiiiu th of I1.s WI:. If m 'ýi* Irv. t he pwll1hýI'I') V.OftpIiIel W4 ti I .1

thr. referrein ti E~l In IItlw r.-fYVts&o.1 tWqe lot-b ti~ ' o tstVsgi -.

U hit tst l' s A t et o h l iI It i 4 O U Ol 1 V4 1 Ill 1rion. Ila tlt vv !% I n s' ,Li V . 0. ' t i f~ ttii'i'r-V tI t1 V t it so V nI"u
rZA itt' ciltrs V.(7I vtts I.6 t~ itY f;tot YI* h i~ir it' A 6o;,- Of';I0 'tiW I t*nt J)IaV h, pt ftlvt, ti V oils i'.!W ' .t Ot

it. theý R.s~ i~isli* '; V~ ,sle),.t~'r'' ~iiii*~rIm. g
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thle interpretation of tilt' data. Vic first of4

TRAWSOAICIR these Bs tilt apparen'Qtt presence of t-oimon mo~,c,
(tWIN? ~ t31dO~ lpnoiose wlhich was mentiloned earlitr ni

AM i-TI#O4 evidonce which gives rise to the n;iump? ion

FRIO SAINof thle presence of such common mode noilse
lie itS ;lt careful examinat ion ot the di rev-23 30NoonaI pinsts associbated with low hackground

I LIZ IN SUR evel , particularly the noise r%;v of tapevs
I ugTiOn FOR$0 SIT labeledv C anti L. I n allI of t best t apes, at

atI I four frequencies, rt'gardless ot depth,
tOO 16 ~ there appears to he a strong, siguna p reciselIy

centered on thle 90'beam. Althouigh ont' might

expect somte one arrival to come int it p~re-

£MLIIIS SU too, were suich ant :Lrrtval Ipresent at the deeper

depthst thie arngle Would obViously he di fferent4
for thle rays as- thvey crossed thle sound

a to Dchannel axis at thle sh1allower depths. Thiis
£ 0 V 1201. Z8dOi is not the case,. Also, if there were truly aI

horizontal ray, one would expect to seev atI
N 4 laqt a repre-sei tat iv' offset eaujý-d Ivy the

-- ~ 14tilIt angle onl thle array whi icit as oliservedi to
*t0vJoagtti 30 tOG hid - 4 vary tillt to -' or ; degrees during titeLis1 136 experiment. IIIe re i:; tio c idevnce of tilts-

16 131 displac:emenlt. The1 only logical explanatiLott

f r thitts strong 90t' beam is, a signal whit i is

CMs$. Commit in phase inl alle eIments .iial
filip voM4WgitoNTIACCUuAWLA1*4 S) ot)4tied, thet assitmptio I ;zd tomtr z t ;ti8

LoAJAG 00'a1pwIi wo the aplpt;-arancv of this itoise-
euvfso bill thle data thev !P11 !I-~ resutlts beovke

particlenarly significant. ktefvrrijtg back to
1i1 5, one seeS that thev parti acul;r wet of1

c4Ai TOO sAA OPCYSM LI1d t ftj 1.5 berm amp S 1mW g inter-vl. WhcI01t nerly
rmtches& the antgulair periodicity tin tke he.tui

'te. % W. tite pit rntiitr*. otitput tit Othetýilt f il r

tic ittltv
11tm.C1P tha ýt, for tit- at ;t11.19 1 of ali

j~ý 'Ottij hC* j4ttpixý ti f 114&, V.aWit 604r. naJ~tty %eitit'AsttUAtj0. toti wI ýIlkt IýOt-

It~t?.Ol' *iltttt~ tilt'r SIltt thili tethvtb in lwI kN'4.6. INo. it t. ther
ptofitv ,omttonr letrtis of Id"40 Wi dat.' 41idt;h gitten us~ the uw~t

he ~ ~ -. e
t

li' i-vtt QVY UPwttt v~kh le'vel *ei~ I~gti fttant citi tv isi.t the 4ltajW of Otti ftoi~e

tI-kk U.* 11ftfxl 'k,v 441 afl4 lyItFit No,~ it Pit t
5fir§(M or the settýr41 otret gt4:

q -t-6 le ,rfý0 hve vtit fov-thivd tim .v~ th the ba10M iti the ift*

t'ijeat' ttti to iii , tits *fl* t  .it, ttuntj of NJ -u .i 'N jIViiYnt W flt' fitlfanOt~d.

Vlýý4 os 14- t W# pitsof iuitititi mie iwt.i-v t-nm4 t- *hrdeur tth>
4qtrsi rsts o Ptda. tt itn t' ¶±p4t, h lower tterinency 1lotst.-m

tst ~ ~ ~Pt Irubtss r iewc. O' lt-velts Tt, lt ore-kr where the mxtikr 0441
V.'t !C -<I- *itv4 uith V41 vij f~in I ai r,-t isag Ii a,,th.

lo' ss~~ -. 1'U' 0 13±al , gtit-r F00 Vtttihrt rffv'v of otiettuenatm
'101, -It v , W itorIh fwit ViNi

fti$I-'a. *ý* Irfir .ttIl "fffr ttiiit 0j- , I r tJ I III
ii 'c 4' iifritvt"i tltt -' !ivto w (*rve tihtregt .'t ot' fy tlo di a, pmt 1v1r,

* i ttt 1T, s n~kt hn't~n fee' *ut ori~tflit -,iitv;0W. IN6 4*whartit0 uhetrtvt

;m- ats 1a4#4o fartl jI %v. .4. tttc tietolt tre ftIle 11F 0 ;t; ~tit
0.Je1i;4 1 Is (ot. g tnr ttliw it 1 tW pdItw q #O.P*

V!"i A"'tlz~i 44Y, tid lob 1hti thc , h,-
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Array Depth
Data Tape TIme Position

1800 - . l Freighter "IGUAPE'

4 ~6 (Deep)

2200
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C 02 -

0200

- 3 -Biological Noise

C 03 - 06002

C04 - -I (Shallow)

cos 000 6 (eep) Biological Noise
(Sperm W~hales?)
4. - mi Bn

-4 8 T.Si 'lcn

- 1.9 mnil

140(0- 17m Ship (Unknown)
- 13.*5 miJ

-3 - Screw Noise Audible

1800) 1 (Shl~low)

- 16 ml Freighter "KING MINUS"

- 0.9rn1

22001

1.1g. 9. 1.ocalI shi(p Craftic fliva 1:1,111 duing 5-6 Septeniber i97.1 voi so per ik~k
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then to separate the tnoise spectrum at 23 11z
from the rest of the broadband noise.Th

0C___________________ filter response of this narrow- band filter,
shown in rig. 7, indicate that alvlo
about -40 d8i is rersnaieof the skirts

-band, ths the wideband noise in the
beamformer side lobe region is suppressed by

E20 40 dBi placing it approximately -10dJB below
.* the beam response at 23 liz.

z fit the propagation riuns with high

10 signal-to-noise ratios, the beamformer is
subjected to ant input spectrum which contains

** - only a few line components. For this case we

On __________________ dp 0 o observe the beamforner side lobes to a much
To 30~ 40 940 6o greater depth than the noise case. 'This feed

Level (1 through of out-of-hand side lobe energy is4
quite evident in some of thle propagation run

-0 tapes where two different frequiency signals
are present. For example, in the contour plot

nu~~o ~ of tape V07 (fig. 12) the two secondary lobes
appearing in thle 104 Ift plot (frequency four)
show up in the three lower frequencies ay

F.bumps in tile side lobe distribution. 1These
* are poirt icularly evident in frequency two, 3t)

z If:, which was out of the band of the two other

lobe energy is due to frequencies out of the
*filter band is to be sovo in the contour

plots. For example, in the contour plot forU
60 noise tape 1101 (Fig. 1l3, frequencyon (.,

If:), show* that in the -;ide lobe region there
are many places where thle distribntion is much
narrawer than that in the main beant. In flth,
Wilin bem one Would expect to qCVe ;I iaylvigh

Fig. I). Htistogram coriv,7tion oxample. distribution which is roughl I whaýt thle

contours correspon-1 to at that point. If thev
side lobe energy were truly at-ocelated uith

v* imprtant to recell that the, bQ411f0rmsng. iS the enerigy in the .13 11: hand. it too would be,
do~eona road lud bss wtitte expected to have a M4yleigh distribtt ion.

beaaformr a#d that the nirrou-aNoJ filtering Mwever, it it were a co" tosit of froquvoencie
is accomp Ise after the inma40tl~ prwe~s.. outside o h ud hnten~iro
the (till bandwidth of !ýorthiog greater dcgrees of freedom for 04ch s~aaple wotoulifbe

th14SIn 110 i of notse wFill ha~w .41Average Aide signlfie.mntly. highotand its A result the,

t obt level oreprigto 4tiprosilswely thte distrihution (Of anY one !-Jnple Will 1W41CI
%1trVtiitty andes of the array or aboot -03 narrower 4ad the 1coetoturs will eotiverge ttt

doi. thtis .i~t he thour~ht of ;4S bwin$ the thete region' ami they appea~r tio to thit plot.

effcut of the pfter which (tcod Itt throigt# Ft flA3 t VA of the d irec t ional noki~

the high frequeNeY s-;econdar lowes which, %peetrus fot the lover. Wtre frritwtwoetiC.'.
haee~nilyAr funifor Jetwrahti ove Vi th I XAeM l W ire ONhape Il tin.1t Potalted

&iecoit the. ae fru 14try epediontwl t nd ".00 rlizable ithowutis Fi§ that mOeeutva

*tho anolt'4vrturv. The total Power ocevort- with the 140 MI ~one. OWe INr 0-=- tcav

tot it the side 1o4e reiont then kill he- ~ 4ittefl it nairrow V010491 to reo~rlve MC, w~eu

risig.%ly vifere*'tIIIO by the (ull lun powa.Mer . of the twioo Ji!tritht4 tin whieh ,gipeafi to

bythe dJirectivatv 1#40-. fo hav We .1 verk' iAharp r'4t. to the Jfrveinsl
iotof Ome volt t#% Migh A toAl badw~iidth A*pe ntn ~ thV 11W eept k'eprth. thC .un1'e

of W01 W. tire !fadeo 101 leve wulif be -11 ghi uarros difet'liokztl %peeltrus 1*46 Oust

JOdi. If we ~ou~~th# twiise level ito the a.x of the enoterg eoftrifird to 11W t4i~got neit- t1W

fit UAWd Of .$ W-: fro* a bmIJ10ti kr"n of howr0i~ntfl. the oeat steP above INthe lta

IlW-Olt eft it wilýl hie lfowr tiy the ratio Of~ ihpth !afill .Aho"' a 4tat't'w1t P* t tinto wth

andV1 4 Also ti the .1ý dit in iuceva-tv of -I dii to 1vtxel. A'i th-n- ,4rAtt itý

eq.ali~it ongain differese (kir 4 totAl lee~rl aed porsil' hro tu ti-

of -41 .1A, 4od 40~ 0 with eo.sPeet to the Jilsttlbwtio~t bpia o lii rvtattna %-Cry fla!

.4i~v NE lvo. no at ofth lop 4i~ttthali~ft with nOA idtaio4 A

* 4 ilerin the bea'otfp r Owte"I ip b~iO.iitfal notdi awld t1orr ik 0111YI a -Dith1
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101-3 NOISE 100 ml

%10

It

swo

0le so, W~

Fg. 1380

function of depth above the critical depth.
For the two lower froquecele, 23 Ind 3A 11:,

--- ------ the curvesassoianted with the two lowest
"M ~steps are conjecturali n naturte attA thi-a tre

dotted in. The :5 and SS 11 J revt Ional-------- - sectra are severely abscured- ;F te Ito vmW
*Wmoe noise %hich sproods over t he broa.)er
bena width at the'k twa fre+Wmtio". It has

-been asgod In dr;4witt thveke .ry that
__________________they__ Are %siillir to thOit~ of the 160 W c urve

V _________________________ which W4'N clearly rmsave4 by the filter.
S The shoulders of the sqtiarv top nti4-e

jS istrfoutiona at the upper dvpth*. ho%@eVr. do
eop'0 .0tpA awa 4*. A sjpreid~itt of t he 4ttrovtig"M

:5J ....... *aop for these ilao 10ewo* rejtt.e o)
Wr midue~ may be PlicWed on the opper

lovel Muet. The tide lebe trglo#4 mili4do
Of this Win disributiott 10AW *. ot hW

_______________________~ ls;teedto he i&toinAInV io lhe~me

6Y A itte rviowiYW tnti@ied otitor I1VO,4e.
...... oft or of eontltio thooqi he %oiem At

j thit Pioift, 0"it ist that the FU4i otte
I bto" irs ol of iso 'iet* of et

f .....4~o m~itt st te mW it.O to ;t thi! Ik
F IA.14 It~ifftmlO, 4f 4.1" iclo~I os the *4W tnedpth 0# Iwo .)iVWteO*I wno*tý di'.frtý

5lW ~ 441b fO A * Jiho 14t. iNy 3as wkt 1.4 JA iP ~irgge 1~1e 444dn
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4804

- PII A -L014C -0

-4

ISO.

ocaic .nISe inethe low freqtenciy regionrays arcicue nth reSolved by? threcbtaitonal

ibiSand0 tpeswre takpen~o diulringsdistrbuionso. nry ewe teu n

proag tation rswthedtid sorurcs re a h f at twot and donbnlehae seon fromtapento tape.
sometncnimes three lo frequencis Tw ifregint rats the 1o0 reqolencby the sniel patray.
depnth wihte centiere oftheioarry onat 713 ver than. the y 1.crslu an ofte seen tz bea
meterst ner then 1axisof the soudchanne spartte. SgiiatcagsI h

an7he otherdJustoaboveothecrtiale durith Gisraphticalo Intenietyevs. theria apnle
widthgathen array weiteorce at Umters the aon bdl time reodnso were v made duio thpe.
directional ahrrvlancelysoe foum .N diffexerient . At sh 0 aequenc of e ectiosof suhay
dethesae plos 6 oither word tof caution oto be ndrer is shon Iny caie. IS Nod ofthe tnape
dexercised is interpreon the drayata Is3 thn di Ire otiona spcta t05 and ft? betaken
vorders, particlarly ofo the so13 meter l pa0ttedring.hssqec.15crepnst
plots. the toarriva petrath in9 vthis. ase Recod ti1 atdnds DTorresos Weo Rdurdn th0.
airecnelarlyieacly sa"cledaolth spacnoft tit is Apparuente thf sethen avefg spectra
texecseod onrder grting resones dandta up plotretidona noetra full represent wehe taw#ei
andr dpartcmil aths aor e seriteroe o each ofin the propgatince path therespins ao
ote nteeplots. The w rivlpts, ktatapeas "to Mconsder1able tim varriilty inbot thewod00
bean speading ofl thaed enterg mpaymerely be diseto ando tatldeo the %arias# opetr
the sftoWorerpiio ofatheg rapm and d the ray at 4t~ Pig IS. ulyr~~a teal
ms quite the spaond order lobespacing m n ec ofthe lrow frequnc patvelope ispetao
other casno the# deeps arrswayth angulars thesensignrable arivalsiability is sboeth of

separation is oucdh less, so close at a astter a future analysis eAnd report.
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AJCK LFJ '01"T 2. -4clon~ugh, R.N., ,cctrtM Resoration for
U.iformlY-Spacul Array,, MPI.-U-41/74

This paper represents results of research Shbmitted to J,Acotst.Soc.Am.
sponso-ed by the Office of tavs) Researcth. 3. A completo description of the L,•R;Ap

40.Mformer is given ilk MPL-TU-2%t.

1. MNilonough, R.N., Maxiuam-Intropy Spatial AP IX
Processing of Array Pata, MPL-U-SS/73. Directional spectra for the B, C.,•1 ;4od 1:

I Accepted for Publication in Dccomber 1974 tapes are included. Records are in an AIpIAa
issue Geophysics. nuaberic tape squence.
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DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH

875 NORTH RANDOLPH STREET
SUITE 1425

ARLINGTON VA 22203-1995
IN REPLY REFER TO:

5510/1
Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36

Enc: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

BRIAN LINK
By direction
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